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This study measured within- and cross-taxon congruence in the diversity of epigeal invertebrates (spiders,
beetles and millipedes) and woody vegetation sampled at small spatial grains (0.25 ha) across a large area
(30 000 km2) within the Vhembe Biosphere Reserve (VBR) in South Africa. Beetle, spider, millipede and
woody plant diversity was recorded at 160 point localities in 20 sites stratified across the dominant
vegetation types of the VBR. Surrogacy relationships were explored using multiple linear regression
(species richness) and Mantel tests (composition), while complementarity was analysed using the
species accumulation index (SAI). Very little (< 10%) of the variation in invertebrate species richness
was explained by woody vegetation richness alone, but the relationship improved when vegetation type
was added to the regression, especially for beetles. Woody vegetation assemblages showed a positive
but weak congruence with beetle assemblages, especially Tenebrionidae. Woody vegetation assemblage
showed poor congruence for spider communities in general, with the exception of Lycosidae. Although
cross-taxonomic congruence was observed between woody vegetation and invertebrate taxa, the
relations based on SAI were stronger than expected for Coleoptera (Carabidae, Scarabaeidae and
Tenebrionidae), positive but weak for spiders (all families), and weak for millipedes which had several
localised endemics. Tests of higher taxonomic categories as surrogates were shown to have much
greater potential than cross-taxon surrogacy. Genera in particular are excellent surrogates for species.
Tribal- or generic-level determinations can be a cost-efficient approach for regional conservation
planning exercises which aim to represent smaller scale variations in invertebrate diversity.
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INTRODUCTION
Animal taxa respond strongly to variation in vegetation
structure and floristic composition, suggesting that changes
in vegetation could be a readily observable surrogate for
changes in animal assemblages (Barton et al., 2014). N.M.
Haddad et al. (2001) ascribed a positive effect of plant rich-
ness and composition on insect diversity to the greater avail-
ability of alternate plant resources or greater vegetation
structure. Sauberer et al. (2004) recommended using vascular
plants as an essential first step in selecting surrogates as
these showed the highest correlations with overall invert-
ebrate species richness, while Kati et al. (2004) concluded
that woody plants acted as the best surrogate for
biodiversity.
The use of habitats as surrogates for biodiversity is depen-
dent on the ability of habitat classifications to portray homo-
geneous communities (Hermoso et al., 2013; Dixon-Bridges
et al., 2014). Congruence in the responses of different taxa
across an environmental gradient often points to similar mech-
anisms driving diversity, while low correspondence might
suggest that the relative importance of drivers varies
between affected taxa and spatial scales (Hulshof et al., 2013).
Unfortunately, not all taxa are affected by the same processes,
and employing a variety of taxa is generally recommended
when using them as surrogates for biodiversity (Rodrigues
and Brooks, 2007; Leal et al. 2010). Many studies in Africa
have explored the umbrella potential of the “big five”
animals (Moore et al., 2003; Dalerum et al., 2008) and birds
(Bonn et al., 2002).
Based on reviews (Thuiller et al., 2006; see Rodrigues and
Brooks, 2007, table 1), very few studies have explored the effi-
ciency of hotspots and complimentarity for conserving plant
and animal assemblages in sub-Saharan Africa (but see
Lovell et al., 2007 and Foord et al., 2013). Lewandowski et al.
(2010) found that a surrogate was more likely to be effective
with a complementary approach than with a hotspot approach
– which is the approach of most published studies. Using a
complementary approach, surrogacy value can be measured
by evaluating how well a set of sites selected to maximise
the representation of one taxon performs in representing
another (Rodrigues and Brooks, 2007) – in other words, surro-
gates can be used to select a combination of sites which
together maximise total species richness (Lewandowski et al.,
2010).
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Woody vegetation is an important component of the savanna
biome vegetation and is relatively easy to identify compared to
grass (Eckhardt et al., 2000). Because plants are sedentary they
are easier to record and it is possible to achieve inventory com-
pletion very quickly per unit sample. For instance, there is a
detailed checklist of all the plants of South Africa, with infor-
mation on endemism, red-list status, and locality (Germisheui-
zen and Meyer, 2003). There is no comprehensive checklist of
invertebrates in South Africa (see Mecenero, 2013), although a
list is being developed for spiders (Dippenaar-Schoeman et al.,
2015). Plant species’ distributions are also much better known
while large gaps remain for invertebrates. Despite the useful-
ness of woody plants as surrogates for biodiversity (Kati
et al., 2004), their use has serious limitations (Chiarucci et al.,
2005). Woody vegetation does not always represent invert-
ebrate diversity in general, and may in some cases be a poor
surrogate for certain groups (Chiarucci et al., 2005; Foord
et al., 2013). For conservation science and policy to be truly
representative of global biodiversity, a representative cross-
section of invertebrates should ideally be included (Clausnit-
zer et al., 2009; Leal et al., 2010). This may be because surrogacy
may only be effective at certain spatial scales, and the
resources that make up the habitat of a species may only
cover a subset of a vegetation type or may be dispersed over
several vegetation types (Vanreusel and Van Dyck, 2007).
Woody vegetation may also not mirror groups whose distri-
bution across the landscape shows highly localised endemicity
and is the product of a strong historical signature (Bonn et al.,
2002). This can produce conflicting and varied results since the
difference between study regions might be large and unquan-
tified (Grantham et al., 2010), undermining the commonly held
view that vegetation is a cost-effective and readily observable
surrogate for change in animal assemblages (Barton et al.,
2014).
Several authors have found that patterns of compositional
heterogeneity of species are maintained at higher taxonomic
levels such as genus and family (Báldi, 2003; Cardoso et al.,
2004; Heino and Soininen, 2007; Lovell et al., 2007; Terlizzi
et al., 2009). Terlizzi et al. (2009) found that differences in het-
erogeneity in the identity of species were maintained for
genera and for families, but not at coarser levels of taxonomic
resolution (order or class), for molluscs in marine ecosystems.
Cardoso et al. (2004) and Foord et al. (2013) found that taxo-
nomic surrogacy was only maintained at the genus level for
spiders.
Vegetation type was the best predictor of epigeal invert-
ebrate (spiders and beetle) alpha and beta diversity across a
large geographic area (Schoeman, 2019). To what extent this
predictive capability can be extended to finer scale data of veg-
etation composition is unknown. Barton et al. (2010) have
shown that variation in vegetation composition at very small
scales (e.g. presence of leaf litter from different Eucalyptus
species) can be a very good surrogate of beetle diversity.
Spiders are major predators of other invertebrates (Dippe-
naar-Schoeman et al., 2015; Foord and Dippennaar-Schoeman,
2016), have a relatively stable taxonomy, are easy to sample,
are ecologically well known, include widespread and special-
ised species, and may have diversity patterns that correlate
with those of other taxa (Gerlach et al., 2013). The taxonomic
and functional diversity of Coleoptera allows for the inclusion
of multiple trophic levels, and the group as a whole can be
regarded as a biodiversity surrogate (Gerlach et al., 2013). Scar-
abaeidae are highly specialised detritivores that are sensitive
to landscape changes (Van Rensburg et al., 1999), while Carabi-
dae are keystone predators (Gerlach et al., 2013). The value of
Tenebrionidae as a surrogate taxon has not been assessed for
South Africa, but they are speciose (C. Koch, 1962) with an esti-
mated 7000 species occurring in southern Africa. They are
habitat-dependent specialists, detritivores and mostly flight-
less, and therefore have limited dispersal abilities. Millipedes
are herbivores, with a preference for dead and decaying
plant material, and show high levels of local endemicity
(Hamer, 1998). Millipedes are potentially useful surrogates,
yet many taxonomic issues in this group remain unresolved
(Gerlach et al., 2013).
This study aims to assess the degree of cross-taxon congru-
ence between woody vegetation and vegetation types with
that of spiders, beetles and millipedes at varying taxonomic
levels; we also assess within-taxon congruence for these
invertebrate groups. Based on the ability of vegetation to
predict invertebrate diversity at larger scales we predict that
its performance is not affected by scale and that woody veg-
etation would be an efficient surrogate of invertebrate
species diversity. We further predict that within-taxon congru-
ence, in the form of higher taxonomic categories (such as
genus and tribe), would also allow for the use of higher taxa
(genus and family) as surrogates of diversity.
METHODS AND MATERIALS
The study region is found in the greater Limpopo River
Basin, which includes the Makgabeng, Waterberg Range, the
Bushveld Igneous Complex and the Zimbabwe Craton
(McCarthy and Rubidge, 2005). Geologically, the Limpopo
Valley is primarily of Archaean origin, the mountains Protero-
zoic and Mesozoic. The Karroo Supergroup, of high mineral
value, was moulded by successive dynasties of ice, sea, lake,
swamp, desert and volcanic activity (Johnson et al., 1996).
Most of the soft Karroo rock has been eroded, exposing the
ancient sediments of the Soutpansberg and Blouberg
(McCarthy and Rubidge, 2005).
Sampling
The study site is located in the northernmost region of South
Africa, the Vhembe Biosphere Reserve (VBR), bordering Bots-
wana, Zimbabwe and Mozambique, and bounded by the
Limpopo River (Figure 1) (Pool-Stanvliet, 2013). The VBR com-
prises the Blouberg, the Soutpansberg, the Limpopo Valley,
and the savanna plains south of the mountain range, including
the northern sector of Kruger National Park (Figure 1). The
VBR is the largest biosphere reserve in South Africa, with a
spatial extent of 30 000 km2, and is also the least disturbed
(Pool-Stanvliet, 2013). The region’s strong environmental gra-
dients in rainfall and vegetation structure (Hahn, 2007, 2011)
provide a template to test the efficacy of biodiversity surro-
gates. The savanna biome protected by the VBR is a hyper-
diverse ecosystem, comparable to the tropical forests in biodi-
versity (Parr et al., 2014). Studies at small spatial scales suggest
that high levels of invertebrate diversity occur in the Vhembe
Region (Endrody-Younga, 1988; Foord et al., 2002, 2008; Schön-
hofer, 2008; C.R. Haddad, 2009; Azarkina and Foord, 2013;
Munyai and Foord, 2015). In addition to this diversity, 44
species of bats have been recorded (Taylor et al., 2013) and
over 500 tree species (Hahn, 2018). Hahn (2019) recorded
2443 taxa for the Soutpansberg Mountain, belonging to 922
genera, 18 families and 64 orders, in an area of 6700 km2.
The mountain’s high taxonomic diversity compares favorably
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with that of the world-renowned Cape Floristic Region which
is 90760 km2 in extent, and has more species (9383), almost the
same number of genera (997) and fewer families (178)
(Manning and Goldblatt, 2012).
The vegetation types found in the region, and across the
Soutpansberg in particular, occur in roughly longitudinal
east–west bands (Mucina and Rutherford, 2006). The southern
and northern lowveld plains harbour geographically large,
continuous communities (Mucina and Rutherford, 2006).
Here we use Mucina and Rutherford (2006) to classify these
major vegetation units. Sampling was stratified across the
dominant vegetation types of the region; a botanic expert
was available for 10 of the 20 sites selected in the VBR (Schoe-
man, 2019). There were thus only 10 sites for which woody
vegetation data was available for analysis.
We sampled invertebrates during November 2012–January
2013. (Figure 1). Within each site, we selected eight sampling
points, hereafter referred to as sampling units (SUs). These
SUs were spaced 300 to 2000m apart other to ensure indepen-
dence of samples. Each SU comprised five pitfalls, placed in a
circle with a diameter of 10 m. Pitfalls were used because
setting them expends the least amount of input with a
greater comparable output compared with any other
sampling method (Agosti et al., 2000). We wanted to capture
as much variation in the immediate habitat as possible and
were careful to place our pitfalls in such a way as to consider
microscale heterogeneity. The pitfalls of each SU were too
close to each other to be considered true replicates. The
unit for data analysis is therefore the sampling unit, for a
total of 8 SU× 10 sites = 80 SUs. Pitfalls (7 cm in diameter,
12 cm deep) were dug into the ground and quarter-filled
with propylene glycol. Traps were left out for 7 days, then
washed using a fine net, and stored in 96% ethanol.
The woody vegetation at the SUs was identified to the
species level by the third author within a 50 × 50 m quadrat.
Only presence was recorded. Trees have a relatively long life-
span, and their species assemblage at our sites is thus a reflec-
tion of edaphic factors and long-term climatic conditions of a
specific habitat. In addition, tree species are relatively easy to
identify in situ. A total of 150 tree species were recorded; the
most common genera were Senegalia, Combretum and Gymnos-
poria (see Appendix 2 for the tree list).
Spiders were identified by A.S. Dippenaar-Schoeman and
voucher specimens were deposited in the National Collection
of Arachnida (NCA) of the Plant Protection Research Institute,
Agricultural Research Council, Pretoria. Beetles were ident-
ified by Ruth Muller and Adrian Davis. Voucher specimens
were deposited in the Ditsong National Museum of Natural
History (DNMNH) and the Univen Zoology Collection. Milli-
pedes were identified by the second author and will be depos-
ited in DNMNH.
Data analysis
We used sample-based rarefaction to estimate sampling com-
pleteness for spiders, beetles and millipedes with PAST soft-
ware (Hammer and Harper, 2006). PAST utilises Mao Tau’s
species estimator which includes 95% confidence intervals.
Relationships between beetle, spider and millipede richness
and woody vegetation richness and vegetation type were
explored using multiple linear regression. This relationship
was also explored for the more speciose families in Coleoptera:
Carabidae, Tenebrionidae and Scarabaeidae; Araneae: Gna-
phosidae, Lycosidae, Salticidae and Zodariidae; and Diplo-
poda. The same approach was used to explore the surrogacy
potential of higher taxa, namely tribes, genera and families,
for within-taxon relationships. The effectiveness of surrogates
Figure 1. Map of sites in vegetation units in the Vhembe Biosphere Reserve.
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was evaluated by comparing the adjusted R2 values of the
models.
Multivariate congruence between assemblages was explored
by first calculating the Pearson’s correlation coefficient
between two ranked similarity (Bray–Curtis) matrices of the
taxa involved, resulting in an observed R value which ranges
from −1 (complete negative correlation) to 1 (complete posi-
tive correlation). A Mantel test then allows for the calculation
of a p value based on the null distributions generated by ran-
domly permutating site labels and recalculating correlations
(Hammer and Harper, 2006). This analysis also included tests
for cross-taxon (trees) congruence of the most speciose families
in Coleoptera (Carabidae, Tenebrionidae and Scarabaeidae)
and Araneae (Gnaphosidae, Lycosidae, Salticidae and
Zodariidae).
Complementarity was assessed using the surrogacy accumu-
lation index (SAI; Rodrigues and Brooks, 2007). First-surrogate
efficiency was visually assessed by comparing species accumu-
lation curves to random curves (randomly selected sites) and
optimal curves (using the target taxon to select sites). The
closer the surrogacy curve to the optimal curve, the higher
the surrogacy value. Where the optimal and surrogacy
curves coincide, the SAI would be 1, indicating perfect surro-
gacy. An SAI between 1 and 0 is obtained when the surrogate
curve occurs mainly above the random curves (positive surro-
gacy value); it is zero when the surrogate and random curves
coincide on average (zero surrogacy); and it is negative when
the surrogate curve is mainly below the random selection
(negative surrogacy value) (Rodrigues and Brooks, 2007). As
several randomisations are possible, random permutations
allow for the identification of 95% confidence intervals.
RESULTS
Sample rarefaction
Sample rarefaction curves did not reach an asymptote,
which suggests that not all the species in the communities
were sampled (Figure 2). This was especially true for beetles
and millipedes.
Species richness
Woody vegetation richness did not explain any variation in
beetle richness (R2 = 0.05; Table 1) spider richness (R2 =
−0.01; Figure 3) or millipede species richness (R2 =−0/02;
Table 1). Woody vegetation and vegetation type together,
however, explained significantly more variation in beetle
species richness (R2 = 0.16) and spider species richness (R2 =
0.25) but not millipede species richness (R2 =−0.02)
(Figure 3; Table 1). The divergence of beetle species richness
in response to tree species richness in Figure 3 is largely the
result of vegetation type.
Figure 2. Sample-based rarefaction for (A) spiders, (B) beetles and (C) millipedes.
Table 1. Relationships between observed richness and within- and cross-taxon surrogates based on ordinary least squares regression and
multiple regression (woody vegetation richness and vegetation type) for the three invertebrate taxa. Surrogates are ordered from best to worst
performing based on the adjusted R2 of each of the models.
Spiders Beetles Millipedes
Richness surrogate Adj R2 Richness surrogate Adj R2 Richness surrogate Adj R2
Genus 0.94*** Genus 0.92*** Genus 0.78***
Family 0.72*** Tribe 0.85*** Family 0.76***
Zodariidae 0.40*** Scaraeibaeidae 0.80*** Woody 0
Lycosidae 0.35*** Tenebrionidae 0.61*** Veg type −0.01
Gnaphosidae 0.28*** Carabidae 0.22*** Woody + veg type −0.02
Veg type 0.25*** Woody + Veg Type 0.16**
Woody + veg type 0.25*** Veg type 0.12**
Salticidae 0.14*** Woody 0.05*
Woody −0.01
* p < 0.05; ** p <0.01; *** p <0.001.
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The use of higher taxonomic categories as surrogates for
species diversity shows much greater promise. Beetle (tribes
and genera), spider and millipede (families and genera) rich-
ness explained large and significant amounts of variation for
within-taxon species richness (Table 1; Figure 4).
Scarabaeidae also emerged as the best surrogate for overall
beetle species richness, and Zodariidae for spider species rich-
ness (Table 1; Figure 4).
Assemblage composition
Mantel tests showed that of the beetles, composition of Scar-
abaeidae and Tenebrionidae was weakly positive, yet statisti-
cally significant, congruent with woody vegetation (Table 2).
Of the spiders, the Lycosidae and Gnaphosidae assemblages
showed significant congruence with the woody vegetation
assemblage (Table 2), while no relationship existed for milli-
pedes (Table 2).
There was strong evidence for within-taxon congruence in
terms of composition for all taxa considered (Table 2).
Complementarity
Woody vegetation was a poor surrogate for spiders andmilli-
pedes, with low and negative SAI scores, respectively (SAI =
0.14 and −0.29, respectively; Appendix 1). Woody vegetation
was a good surrogate for beetles, however, with a positive
SAI score (0.39). Spiders and beetles are weak surrogates of
each other (SAI = 0.21 and 0.24, respectively), and very weak
surrogates for millipedes (SAI =−0.14 and −0.01, respectively)
(Appendix 1).
In terms of complementarity, both spider and beetle genera
showed almost perfect surrogacy (SAI = 0.83 and 0.68, respect-
ively); however, millipede genera were poor surrogates (SAI =
0.15) while spider families (SAI = 0.57) and beetle tribes (SAI =
0.67) were strong surrogates (Appendix 1).
DISCUSSION
Results from this study suggest that surrogate performance
is both scale and taxon dependent. The ability of vegetation
(woody vegetation diversity) to act as a surrogate for invert-
ebrate diversity broke down at these finer scales and thus
seems to be scale dependent. Woody vegetation and veg-
etation units together were effective surrogates for beetle
and spider species richness, but not for millipede species rich-
ness. However, the response of beetle species richness to plant
species richness is largely determined by vegetation type, or
the assemblage of woody plant species. Higher taxa were a
much more effective surrogate, particularly at the genus level.
Cross-taxon congruence between woody vegetation
and invertebrate diversity
Various authors have found that plant species richness is an
adequate surrogate for invertebrate diversity (Sætersdal et al.,
2002, Maccherini et al., 2009; Fraser et al., 2009; Santi et al.,
2010; Castagneyrol and Jactel, 2012). B. Koch et al. (2013)
measured the correlation between plants and butterflies, and
found that community was a better measure of cross-taxon
congruence than species richness was. Exceptions are to be
found in wetland ecosystems where plant diversity displays
poor congruence with aquatic beetle diversity (Kirkman
et al., 2012) and may also deteriorate with disturbance
(Rooney and Bayley 2012).
Scarabaeidae communities in particular are associated with
large herbivore dung, and a positive relationship with
woody plant species communities would probably not have
been expected. Davis et al. (2008) found that African dung
beetle distribution was strongly correlated with major ecore-
gions. It has also been found that a more diverse floral assem-
blage supports a higher diversity of mammals (Tews et al.,
2004), which is a major driver of dung beetle diversity (Davis
and Scholtz, 2001). This suggests that there is an indirect
relationship between tree diversity and dung beetle beta
diversity.
Figure 3. Cross-taxon relationship between three taxa, (A) Coleoptera (Carabidae, Scarabaeidae and Tenebrionidae), (B) Araneae and (C)
Diplopoda, and tree species richness and vegetation type. Symbols for vegetation types: Soutpansberg Mountain Bushveld, Musina
Mopane Bushveld, Limpopo Ridge Bushveld, Roodeberg Bushveld, Makhado Sweet Bushveld.
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Figure 4. Scatter plots with fitted linear regressions for the best surrogates of epigeal spider, beetle and millipede richness in the Vhembe Bio-
sphere Reserve.
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Although a very weak surrogate for invertebrate diversity
hotspots in general, there is support for woody vegetation as
a hotspot surrogate for Tenebrionidae assemblages in particu-
lar. This could be explained by the strong association of
ground-dwelling Tenebrionidae with plant debris (Wharton
and Robert, 1982). Tenebrionidae communities are most
diverse and abundant in the deserts and semi-deserts of
South Africa (C. Koch, 1962). Because nearly all tenebrionids
are flightless, tenebrionid communities have a very strong bio-
geographic signature, and species and tribes common in one
ecoregion may be completely replaced by other taxa in neigh-
bouring ecoregions (Kamiński and Ras, 2012; Kamiński and
Iwan, 2013).
Lycosidae, the spider taxon for which woody vegetation was
a relatively good surrogate, is typically associated with cooler,
moister and more vegetated areas of the VBR (Foord et al.
2008), being considerably more abundant and diverse in
forest and thicket areas.
Within-taxon congruence
Tests of higher taxonomic categories as surrogates have
shown much greater potential than cross-taxon surrogacy.
Genera in particular are excellent surrogates for species.
Generic richness in beetles (Rosser and Eggleton 2012), Hyme-
noptera (Vieira et al. 2012), and spiders (Cardoso et al. 2004; Lin
et al. 2012) has been shown to be a suitable surrogate of species
richness; it has also been shown that higher taxonomic groups
such as tribes (beetles) and families (spiders) can be effective
surrogates for species richness. Identification to the tribe
level poses less of a taxonomic challenge than identification
to genus or species, and still provides data of great taxonomic
resolution (40 beetle tribes in this study). For rapid biological
assessments of beetles, the use of tribes may be preferable to
the use of genera. However, not all groups reflect species
diversity at higher taxonomic levels, e.g. ants in both Australia
(Andersen, 1995) and tropical Africa (Rosser and Eggerton,
2012), where small groups of genera contribute to a large
number of species.
It might be preferable to use a wide range of tribes from
different families to represent beetles, as this would have
greater surrogacy potential than species from one beetle
family as is the case in many studies (S.O. Koch et al., 2000;
Spector, 2006; Tshikae et al., 2008). We found, however, that
even though tribes are good surrogates for beetle richness
and community assembly, Scarabaeidae species richness corre-
lates significantly with overall beetle species richness, indicat-
ing the high surrogacy value of this beetle family. Scarabaeidae
is taxonomically well known and abundant (Davis et al., 2008),
and follows trends in large herbivore richness which is itself a
significant contributor to the maintenance of insect diversity
(Rahagalala et al., 2009).
For spiders, Gnaphosidae tend to occur in more arid areas,
with less tree cover. This also explains why they are a poor
overall surrogate for spider diversity despite their abundance.
In contrast, Zodariidae, though lower in abundance, occurs
throughout most samples and seems to be representative of
spider species richness.
Other factors beside vegetation type, structure and compo-
sition can affect the spatial variation of animal taxa. Geology
and soil type are also determinants and have in fact been
used as environmental surrogates (Wessels et al., 1999). Even
termite mounds may affect invertebrate communities
(Joseph et al., 2014), by increasing functional diversity in the
landscape.
Rodrigues and Brooks (2007) conclude that practical conser-
vation planning based on data for well-known taxonomic
groups is effective – but must proceed with caution
because of the limitations of using surrogates (Van Rensburg
et al., 2002). Using higher taxonomic levels such as genera,
tribes and families as surrogates for invertebrate species
diversity has proven to be more effective than using cross-
taxon surrogates (Gerlach et al., 2013). This study did,
however, show that woody plants, even though they are
poor surrogates for hotspots of invertebrate richness, can
still be used as surrogates for invertebrate assembly and com-
plementarity – but only for select groups. As cross-taxon con-
gruence was very low, we recommend the use of a variety of
taxa (or several families) to represent functional types in an
ecosystem, and the use of generic- or tribal-level identifi-
cation to save time and money (Lovell et al., 2007; Rodrigues
and Brooks, 2007).
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